Introduction: Studies exploring the appropriateness of therapeutic antibiotic use among surgical patients are limited, particularly in developing countries. Therefore, the aim of our study was to determine the appropriateness of antibiotics prescribed in a surgical setting in Malaysia. Methodology: A prospective observational study was conducted in two surgical wards at a tertiary hospital in Malaysia from November 2012-July 2013. Data was collected using a case report form. The appropriateness of antibiotic therapy was based on compliance with either the Malaysian National Antibiotic Guidelines 2008 or International Clinical Practice Guidelines and determined by an expert panel (consisting of two infectious disease consultants and a pharmacist). Results: Over the study period, a total of 593 antibiotic courses were prescribed for 129 patients (4.6±3.4 antibiotics/patient). Only 34 (26.4%) patients received appropriate antibiotic therapy, whilst 95 (73.6%) patients received at least one course of inappropriate antibiotic therapy. The prevalence of inappropriate antibiotic use was 214 (66.3%) and 55 (42.0%) for prophylactic and therapeutic purposes, respectively. The most common causes of inappropriate prophylactic antibiotics were inappropriate timing 20 (36.4%) and inappropriate duration of prophylaxis 19 (34.5%). In cases of inappropriate timing, 9 (45%) were administered too late while 6 (30%) were too early. . In contrast, inappropriate choice of antibiotics (42.1%) and inappropriate indication (40.7%) were the most common reasons encountered for inappropriate therapeutic antibiotics. Conclusion: Our study suggests considerable inappropriate use of both prophylactic and therapeutic antibiotics in the surgical wards; highlighting an urgent need for antibiotic stewardship initiatives in this setting.
Introduction
The term "newly industrialized country" is a socioeconomic classification applied to countries whose economies have not yet reached developed country status but have outpaced their developing counterparts [1] . Since 2011, Malaysia has been categorized as a newly industrialized country. However, there remains a paucity of information regarding antibiotic prescribing when compared to developed countries, particularly in the surgical setting. Antibiotic stewardship programs (ASP) designed to combat the development of resistance are almost non-existent.
Antibiotics are frequently used in surgical patients as approximately 30% of patients undergoing surgery will develop post-operative surgical site infections (SSI) [2] . However, prophylactic antibiotics should be administered in a timely manner, and therapeutic antibiotics must be used judiciously [3, 4] . Prevention and management of infection is imperative as postoperative SSI alone can prolong hospitalization, double readmission rates, and triple the cost of treatment [5] . Inappropriate use of antibiotics, however, can increase resistance towards antibiotics, morbidity, mortality and cost of health-care [6, 7, 8, 9] . This study determined the appropriateness of antibiotic prescription among surgical patients and will act as an important guide in the development and implementation of an effective ASP.
Methodology
A prospective observational study was conducted in two surgical wards at a tertiary hospital in Malaysia. Surgical patients prescribed antibiotics from November 2012-July 2013 were included. Each patient was followed up until discharge or in-hospital death. For patients readmitted during the study period, only the first admission was included to avoid potential confounders related to readmission. Immunocompromised patients were excluded.
On alternate days, the researcher reviewed patient medical records by alternating between the left and right wings of the ward. If the patient satisfied the inclusion criteria, informed consent was obtained. Patient demographic information, pattern of antibiotic use, microbiological and clinical outcomes were collected. Information regarding readmission within 30-days was obtained via medical records or via patient telephone call if this information was not available.
The primary outcome measure was appropriateness of antibiotics prescribed (Table 1) . The sample size required for this study was 385 antibiotic courses (confidence level = 95%) based on a rate of inappropriate antibiotic use of 50% [10] . Secondary outcome measures included pattern of antibiotic use, antibiotic resistance pattern, and clinical outcomes. Appropriateness of antibiotics was determined based on compliance with guidelines and evaluated by an expert panel (consisting of two infectious disease consultants and a pharmacist) (Figure 1 ) [4, 11, 12] . The amount of antibiotics used was measured in defined daily doses per 1000 occupied bed-days (DDD/1000 BD) [13] . Antibiotic resistance data was obtained from the hospital's laboratory information system. Specimens assessed included cultures from blood, intra-operative specimens, sputum, urine and any other culture from a sterile site in the setting of suspected clinical infection. Empirical antibiotic therapy was classified as antibiotics received from admission until 72 hours after a pathogen was identified; while targeted therapy was defined as antibiotics received after this point. This division was based on culture results availability at our institution, which is usually within 72 hours after the specimen reaches microbiology. Appropriateness of therapeutic antibiotics Therapeutic antibiotics (defined as empirical or targeted antibiotics) were considered appropriate if the spectrum of activity covers the most probable organisms or organisms isolated respectively, and that the right dose, frequency, duration, and route of administration was used. Inappropriate therapeutic antibiotics use was classified as either: 1) no appropriate indication for antibiotic use, 2) inappropriate drug or choice of antibiotic ¶, 3) inappropriate dose or frequency, 4) inappropriate route of administration, 5) inappropriate duration of therapy, and 6) no de-escalation antibiotics* Multidrug resistant gram negative bacteria Gram negative bacteria that had acquired resistance to at least one agent in three or more antibiotic categories 14 
Multidrug resistant gram positive bacteria
Methicillin resistant organisms or gram positive bacteria having acquired resistance to at least one agent in three or more antibiotic categories 14 ‡One prescription can only include one category of inappropriate use. When more than one category of inappropriate use (such as inappropriate indication, dose or frequency) was identified in any antibiotic regime, then inappropriateness was classified as "inappropriate indication", as this had the highest impact of misuse; Inappropriate drug was defined as antibiotic therapy that was given with too narrow or ineffective spectrum, or empirical antibiotics that did not adhere to guidelines 1 ; §The timing of peri-operative antibiotic dose for surgical prophylaxis was considered appropriate if it was administered within 60 minutes before incision 2 or at induction. 3 The timing was deemed inappropriate if the timing of prophylactic antibiotic administration, timing of induction or surgical procedure was not clearly documented; *Targeted antibiotic therapy that has too broad a spectrum against the identified pathogen was classified as no de-escalation of therapy.
Isolates of the same organism having identical antibiotic sensitivity patterns obtained from the same sampling site within seven days were excluded. The report of normal flora from a culture was assumed to be a negative culture. The proportion of cultures with multidrug resistant (MDR) bacteria was analyzed to establish the pattern of bacterial resistance [14] .
Data Analysis and Ethics
All data were entered into IBM SPSS version 20 (IBM Corporation, Armonk, NY, USA). Continuous data were analyzed using Mann Whitney-U test. Categorical data were assessed using Fisher's exact test. Ethics approval was obtained from the University Malaya Ethics Committee (approval no. 932.2).
Results

Demographics
Over the study period, a total of 593 antibiotic courses were prescribed for 129 patients. Eighty-four patients (65.1%) had surgical interventions during their stay in the surgical ward, with 42 (32.6%) given peri-operative antibiotic prophylaxis. The remaining 45 (34.9%) patients were admitted for dressings, suture removal, wound breakdown or other nonoperative management (Table 2) . Only 34 (26.4%) patients received appropriate antibiotic therapy, whilst 95 (73.6%) patients received at least one course of inappropriate antibiotic therapy (Figure 2 ).
Antibiotic use for surgical prophylaxis
Out of 83 courses of prophylactic antibiotic therapy, 67 courses were prescribed peri-operatively while 16 courses were prescribed post-operatively. Inappropriate antibiotic use for prophylaxis occurred in 55 cases (66.3%). The most common reasons for inappropriate prophylactic antibiotics use were inappropriate timing 20/55 (36.4%), inappropriate duration 19/55 (34.5%) and inappropriate choice of antibiotic 9/55 (16.4%) In cases of inappropriate timing, 9/20 (45%) were due to late administration (after incision or intubation), 6/20 (30%) due to too early administration and 5/20 (25%) due to no proper documentation on the time of surgery or antibiotic administration. 
Pattern of antibiotic use in surgery
Overall, the most commonly prescribed classes of antibiotics were third generation cephalosporins (198.1 DDD/1000 patient days), imidazole-derivatives (185.2 DDD/1000 patient days) and penicillin combinations, including betalactamase-inhibitors (185 DDD/1000 patient days). The most frequently prescribed individual agents were metronidazole, vancomycin, and ceftriaxone for 185.2, 133.2 and 109.7 DDD/1000 patient days respectively.
Antibiotic resistance pattern
More gram negative organisms were identified in isolates as compared to gram positive organisms. Gram negative organisms were predominantly isolated from the gastrointestinal and hepatobiliary system in 7 (63.6%) cultures, wound in 64 (47.8%) cultures, respiratory system in 23 (36.5%) cultures, and catheter in 9 (20.5%) cultures. Extended spectrum betalactamase (ESBL) producing Enterobactericeae 33 (25.2%), MDR Acinetobacter baumanii 16 (12.2%) and MDR Pseudomonas aeruginosa 3 (2.3%) were the most frequent resistant gram negative pathogens.
Gram positive organisms were most commonly isolated from blood and cerebrospinal fluid in 41 (18.7%) and 2 (7.4%) respectively. The most frequently resistant gram positive organisms were methicillin-resistant Staphylococcus aureus 34 (26%), methicillin-resistant coagulase-negative staphylococci 26 (19.8%) and ampicillin-resistant enterococci 12 (9.2%).
Clinical outcomes of patients
Of the 11 patients who died, all were prescribed at least one inappropriate antibiotic course and 5 (45.5%) had sepsis reported as a contributing factor in the cause of death. The median duration of hospitalization was 10 days with all-cause 30-day mortality of 85.3 per 1000 patients with inappropriate antibiotic use not significantly impacting on these outcomes (Table 3 ).
Discussion
The rates of inappropriate use of antibiotics in this setting in Malaysia reflect those found previously in Asian countries: 66.3% and 42.0%, for prophylactic and therapeutic antibiotics, respectively. Studies conducted in Asian countries have generally reported higher prevalence of inappropriate antibiotic use for prophylaxis (48-100%) when compared to developed countries (23.4%-55.2%) [15, 16, 17, 18, 19] . Inappropriate timing of antibiotic administration (36.4%) and inappropriate duration (34.5%) were found to be the main reasons for inappropriate prophylactic antibiotic which was also similar to previous studies [17, 18, 20] . The inappropriate timing of administration in our setting was most likely due to the lack of local institutional guidelines. Single dose perioperative antibiotics, and when necessary, postoperative prophylaxis for no more than 24 hours are recommended [12] . The 16 (19.3%) courses of antibiotics given post-operatively may reflect a practice that could be easily targeted for intervention. Unnecessarily prolonging the duration of prophylaxis does not necessarily lead to better outcomes, but instead predisposes to selective pressure for resistant bacteria [18] .
Additionally, it was also noted that the timing of prophylactic antibiotic administration in our setting was poorly documented. One reason for this may be that documentation of prophylactic antibiotic administration is performed by anaesthesiologists on induction forms, whereas the time of surgical incision is documented elsewhere by surgeons. Standardized forms to record the time of administration of prophylactic antibiotics and the time of surgical incision could be developed to overcome this problem in conjunction with prescriber education.
The inappropriate prescription of therapeutic antibiotics may be due to the lack of institutional antibiotic guidelines, as infectious disease ward rounds and formulary restrictions of antibiotic were already in place. Due to the heterogeneity of inappropriate empirical and targeted antibiotic use between different surgical disciplines, guidelines should take into account the requirements of each discipline.
The use of third generation cephalosporins, imidazole derivatives and second generation cephalosporins resemble the patterns seen in other Asian countries where broad spectrum cephalosporin use is predominant [16, 19, 21, 22] . Contrary to this, many developed countries prefer the use of first generation cephalosporins or a combination of penicillin and betalactamase-inhibitors [18, 20, 23, 24, 25] . Studies, however, have shown no difference between the use of broad spectrum and narrow spectrum prophylactic antibiotics in terms of lowering rate of SSI [12] .
More gram-negative organisms were identified in isolates as compared to gram positive organisms which may be expected as a large proportion of patients underwent gastrointestinal surgery [26] . However, we found high rates of gram positive resistance, which may explain the high usage of vancomycin in our setting. These MDR organisms, particularly the gram positive organisms, should be closely monitored to evaluate the effectiveness of ASP initiatives in the future.
The SSI rate per patient observed in our study was similar to a previous local study [27] ; but higher than the overall SSI rate reported by others (1.2%-8.3%) [19, 25, 28, 29] except for India (20.1%) [30] . The reason for this is uncertain but the impact of a high prevalence of inappropriate antibiotic use for prophylaxis, current infection control policies or a combination of these factors requires further consideration.
Inappropriate antibiotic use was not found to have significant impact on hospitalization days and allcause mortality in the current study though the high readmission rate due to relapse of infection and sepsis as a reported cause of death are of concern. We are unable to ascertain the direct role that inappropriate antibiotic use plays in these occurrences.
The aim of our Malaysian institution, and likely that of many others in newly industrialised countries, is to improve the appropriateness of antibiotic prescribing. As discussed, measures such as instituting local guidelines, improving documentation, standardisation of forms and education of prescribers may be sufficient to improve practices. These interventions can be performed in the absence of the resources that may be available in more developed nations.
One limitation of the study was that it was conducted at a single tertiary hospital and thus, the results may not be generalizable. We were also not able to sub-analyse the use of antibiotics according to surgical disciplines for prophylactic use due to the small number of prescriptions.
The strength of our study was that for the first time in Malaysia, we obtained insight on the use of antibiotics in a surgical setting. The resultant awareness has led to collaboration between the surgeons and the infectious disease consultants in developing guidelines for antibiotic use in surgery. Additionally, our institution has agreed to implement an ASP, to increase the appropriateness of antibiotic use in surgery.
Conclusion
Misuse of therapeutic antibiotics (42.0%) and prophylactic antibiotics (66.3%) was observed among surgical patients, further emphasizing an urgent need for antibiotic stewardship initiatives in this setting. A similar scenario is likely to be occurring in other developing nations, and rational use of antibiotics must be ensured to allow for optimization of healthcare outcomes for all patients.
